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Small RNAs are essential for cell integrity, regulating gene expression at the levels of translation, RNA degrada-
tion, and chromatin. A series of recent reports show that the germlines ofmammals and flies contain unique clas-
ses of small RNAs with potential functions in spermatogenesis and genome stability. Another study explores
how tissue-specific expression of a small RNA is achieved. Together the papers highlight the diversity of small
RNA pathways in the cell and the complexity of their regulation.
Taking a Peak at Piwi RNAs
Argonaute proteins, members of the Piwi/Argonaute family, are essential
components of the RNAi machinery that associate with short interfering
RNAs (siRNAs) and microRNAs (miRNAs) to silence gene expression. The
Piwi subfamily is less well characterized. In flies andmammals, Piwi proteins
play essential roles in germline development, but the nature of their associ-
ated small RNAs remains unclear.
A flurry of recent papers (Aravin et al., 2006; Girard et al., 2006; Grivna
et al., 2006; Lau et al., 2006; Watanabe et al., 2006) now report the isolation
of Piwi-interacting small RNAs, or piRNAs, from mouse, rat, and human.
piRNAs are very abundant in testes (Aravin et al. estimate that in spermato-
cytes and spermatids they are present at 1 million copies per cell) but so far
have not been detected in other tissues. piRNAs have several distinct fea-
tures that set them apart from other known classes of small RNAs.
At26–32 nucleotides, they are longer than most other small RNAs in mam-
mals (mammalian miRNAs, for instance, are generally 21–23 nucleotides
long). Furthermore, piRNAs show strand bias. Unlike siRNAs, which are pro-
cessed from a long dsRNA precursor and can therefore include both sense
and antisense sequences, piRNAs are derived from one strand only. And un-
likemiRNAs, which derive from a stem loop precursor, piRNAs and surrounding sequences show no clear secondary
structural motifs. However, the majority of piRNAs are distributed into a limited number of genomic clusters, each
containing at least 20 to several thousand piRNAs, suggesting that they arise from long precursors that contain mul-
tiple piRNAs. IndeedWatanabe et al. (2006) were able to identify some expressed sequence tags (ESTs) from piRNA
clusters and found that they correspond to piRNA-containing transcripts with the same orientation as the piRNAs.
Furthermore, the generation of piRNAs in the mouse requires Miwi (Grivna et al., 2006), one of the Piwi homologs
shown in these papers to interact with piRNAs. Interestingly, although piRNA clustering is conserved across species
frommouse to human, their sequences are not strongly conserved. Lau et al. find, however, that the more abundant
piRNAs do show some conservation.
What may be the function of piRNAs? Given their interaction with Piwi proteins, and the function of Piwi proteins in
spermatogenesis, it seems likely that piRNAs also play a role in the process. piRNAs first appear at the pachytene
stage of meiosis I, suggesting perhaps a role inmeiosis. Indeed, mutations inMili, another mouse Piwi homolog, lead
to meiotic arrest at this stage. An interesting possibility suggested by Girard et al. (2006) is that piRNAs may play
a role in chromosome pairing. Such a role would explain the lack of strong conservation of piRNA sequences across
species. Alternatively, by analogy with other small RNAs, piRNAs may play a role in gene silencing, possibly post-
transcriptionally. Such a role would be consistent with the binding of piRNAs to Argonaute proteins (which are
important in small-RNA-mediated gene silencing reactions) and also with the presence of RecQ1, a helicase, in
the piRNA complex isolated from rats (Lau et al., 2006). A homolog of RecQ1, QDE3, is required for quelling
(a form of gene silencing) in Neurospora. Furthermore, Grivna et al. (2006) report an association of some piRNAs
with polysomes, suggesting perhaps translational regulation.
But what are the targets of piRNA activity? The studies show that piRNAs are not enriched in repeat or protein-
coding sequences. Watanabe et al. (2006), however, did find that piRNA precursor transcripts often contain partial
retrotransposon sequences, raising the possibility that piRNAs play a role in transposon silencing in the germline. In
that case, they may perform a function analogous to that carried out by rasiRNAs (repeat-associated RNAs found in
both testes and ovaries). Further work on piRNAs is clearly required to illuminate some of these unsolved mysteries.
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RasiRNAs Battle Selfish Genetic Elements
Repeat-associated small interfering RNAs (rasiRNAs) have been previously identified in several different species, in-
cluding Drosophila, fission yeast, and zebrafish. They arise from genomic repeat regions and are thought to regulate
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chromatin formation at these sites. Two recent papers provide insight into the function of rasiRNAs in the germlines
of Drosophila and mouse. Watanabe et al. (2006) examined rasiRNAs from the mouse germline. The authors show
that mouse rasiRNAs correspond to various retrotransposons, including LINEs and SINEs. Inclusion of rasiRNA
sequences within the 30UTR of reporter genes promotes the degradation of the reporters, suggesting that rasiRNAs
act by silencing their targets. Although mouse rasiRNAs are found in both oocytes and testes, they do show some
sex-specific differences, both in length and orientation. In the ovary, they are about 20–23 nucleotides long and are
produced from both strands of the repeat elements. In contrast, in the testis their lengths are more variable and the
clones show element-specific strand biases.
Vagin et al. (2006) studied rasiRNAs inDrosophila, providing evidence that they, too, silence retrotransposons and
other selfish genetic elements in the germline. The Drosophila rasiRNAs show a strand bias in both testes and ova-
ries, generally corresponding to the antisense strand of the relevant retrotransposon. A biochemical analysis of these
RNAs suggested that they are modified at the 30 end, the first modification of small RNAs observed in animal cells.
Importantly, Vagin et al. also study some of the genetic requirements of the rasiRNA pathway, defining a new small
RNA pathway in the germline. The authors find that components of the RNAi and miRNA pathways are generally not
required for the rasiRNA pathway. For instance, the RNase III enzymes Dicer-1 and Dicer-2, essential for the gener-
ation of miRNAs and siRNAs, respectively, are not required for the generation of rasiRNAs. R2D2 and Argonaute2,
two other core RNAi components, are also not required. Instead Aubergine and Piwi, two Piwi-family proteins, and
two putative helicases Spindle-E and Armitage are required both for generation of rasiRNAs and for silencing of ret-
rotransposons. Furthermore, Piwi, and probably Aubergine, directly interact with rasiRNAs. These results suggest
that a specialized small RNA pathway has evolved to protect the Drosophila germline from selfish genetic elements.
The data also raise several interesting questions regarding these and other small RNAs in the germline. For instance,
it is still unclear how rasiRNAs are generated. Also, although fly andmouse rasiRNAs may perform a similar function,
it is not yet known whether the rasiRNA pathway defined in Drosophila also operates in the mouse and in other ani-
mals. Finally, the relationship between rasiRNAs and piRNAs will need to be more fully clarified by future studies.
Both classes of RNA appear to associate with Piwi-type Argonaute proteins, but their specific functions, molecular
characteristics, and processing may be different.
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Processing Precursor miRNAs
MicroRNAs are important regulators of gene expression that act primarily at
the translational level. They are processed from long precursor transcripts
called primary miRNAs (pri-miRNAs), which are cleaved by the RNase III
enzyme Drosha into precursor hairpins (pre-miRNAs). The pre-miRNAs are
then transported to the cytoplasm for further cleavage by another RNase II
enzyme (Dicer), generating the mature miRNA. Given their many develop-
mental roles, miRNAs need to be regulated both temporally and tissue
specifically, and this regulation has been attributed primarily to promoter
regulatory elements. Obernosterer et al. (2006) provide evidence that human
miRNAs can also be regulated at the level of precursor processing. The au-
thors examined the processing and distribution of a brain-specific miRNA,
miR-138. They found that although miR-138 is expressed in specific brain
regions and in fetal (but not adult) liver, its precursor, pre-miR138-2, is
ubiquitous in embryos and broadly expressed in the adult brain. These
data suggest that miR-138 processing is spatially and develomentally con-
trolled. To determine which processing step is regulated, the authors exam-
ined the cytoplasmic export of pre-miR138 in HeLa cells, where miR-138 is
not normally processed. Given that the pre-miRNA was still transported to
the cytoplasm in these cells, regulation is unlikely to occur during export.
Instead, the authors propose that pre-miRNA cleavage by Dicer is blocked
by an inhibitor. This model is based on the observation that processing of
pre-miR-138 by recombinant Dicer can be inhibited by increasing amounts of HeLa cytoplasmic extracts, whereas
processing of another miRNA that is normally processed in HeLa cells is not similarly inhibited. What this Dicer reg-
ulator may be, how it regulates Dicer, and what determines its own tissue specificity are questions that await future
experiments.
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Mature miR-138 (bottom) shows a more
restricted expression pattern in the
mouse brain than does its precursor,
pre-miR-138 (top). This suggests tissue-
specific regulation of this miRNA at the
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